INTRODUCTION
Ocean life has been explored for millennia, with Aristotle's work of the 3 rd Century BC on European marine biota being one of the earliest (Coll et al. 2010 ). Nevertheless, a large proportion of the world's marine biodiversity remains unknown (Mora et al. 2011 ). Knowledge of the extent and magnitude of this biodiversity (particularly lower microscopic forms) has been hindered by uneven sampling efforts and a shortfall in taxonomic expertise required for documentation (Wilson 2017) . Octocorals (Cnidaria, Anthozoa), characterized by the presence of eight tentacles surrounding the mouth of the polyp, comprise a diverse group of marine organisms which includes blue corals, soft corals, sea fans and sea whips (gorgonians) and sea pens (Fabricius & Alderslade 2001) . They are conspicuous members of coral reefs, often forming the frontiers (Steiner et al. 2018) . They are also distributed over a broad range of bathymetry ranging from intertidal to the deep waters, and in some regions octocorals rival hard corals in biomass, abundance and diversity (Perez et al. 2016 ).
Octocorallia currently comprises over 3,649 nominal species within three orders, Alcyonacea, Helioporacea, and Pennatulacea (Daly et al. 2007 ; WoRMS 2019). They are however, one of the most poorly known groups of marine invertebrates, whose taxonomy is in a flux as a result of insufficient taxonomic expertise, high levels of homoplasy and lack of distinct diagnostic characters (except colony morphology and sclerite characteristics) that makes identification a complex affair (Perez et al. 2016 ). Further, missing/lost 'type material', inadequate species descriptions from the 19 th and 20 th century, and the likelihood of hundreds of undescribed species necessitate the reinforcement and acceleration of octocoral research, especially extensive taxonomic revisions for many alcyonacean genera (Daly et al. 2007 ). Despite their prominent worldwide diversity, only forty species have been assessed for the IUCN Red List of Threatened Species (IUCN 2019), highlighting the need for expanding and improving efforts for global and regional conservation prioritization (see examples Bramanti et al. 2009; Maldonado et al. 2013 ; Althaus et al. 2017) .
Seventy per cent of known octocoral species occur in the Indo-Pacific (Perez et al. 2016 ), yet the region has been classified as 'data-poor' for octocorals (Bayer 1981) . Though knowledge on taxonomy, diversity and distribution of octocorals in the larger Indo-Pacific region has improved substantially, many areas, e.g., the Indo-West Pacific (which is included in Asia), are still considered problematic when compared to the Mediterranean and Atlantic waters (Bayer 2002) .
Based on this affirmation, we undertook a systematic review of the published literature on diversity and taxonomy of Asian octocorals (i.e., publications on octocorals reported from Asia published by both Asian and non-Asians) during a 40-year period between 1978 and 2018, to better understand the trends, status and regional inclinations of such studies. For example, despite having high levels of marine diversity (Tittensor et al. 2010 ) and two centuries of marine diversity inventories, comprehensive data on octocorals in and around the Indian subcontinent is extremely poor when compared to other groups of cnidaria (e.g., scleractinian corals and siphonophores; Venkataraman & Wafar 2005) . In this background, we: (i) examine the general trends and geographic unevenness (if any) in Asian octocoral research, (ii) analyze the extent and source of such biases in the octocoral research arena by drawing parallels between India and the rest of Asia, and (iii) provide recommendations for improving octocoral diversity and taxonomic studies in the Indian region.
METHODS

Primary literature (concerning Asian octocorals)
published during the period, 1978 to 2018 was extracted from Google Scholar™ using the following keywords: (octocorals OR Octocorallia OR Alcyonacea OR Helioporacea OR Gorgonacea OR Pennatulacea OR Stolonifera OR Telestacea OR Gorgonarian OR Gorgoniden OR Alcyonarien OR Octcorallien OR Penatulaceen OR 'soft corals' OR gorgonian OR 'sea pen' OR 'sea fan' OR 'sea whip') AND (Asia OR Japan OR Israel OR Iran OR Indonesia OR Vietnam etc.) AND (diversity OR distribution OR 'species description' OR taxonomy OR 'new species' OR 'new genus' OR 'new family'). More than 2,000 search results were manually screened to extract papers on 'diversity and taxonomy'. Based on the degree of relevance, individual papers were then eliminated by 'title' or 'abstract' alone, or by accessing the entire paper.
Similar boolean operators were used to extract papers on octocoral research in India, substituting the second and third set of keywords with India AND diversity OR distribution OR 'species description' OR taxonomy OR 'new species' OR 'new genus' OR 'new family' OR bioactivity OR pharmaceutical OR 'bioactive compounds' OR policy OR conservation OR ecology OR 'animal assemblage' OR 'animal association'; to understand the history and trend of Indian octocoral research. To ensure maximum inclusion of Indian papers, an explicit time scale was not specified, and careful cross-references were also made to consider unpublished proceedings, theses, library records etc. Only those publications supported by empirical field data (quantitative field surveys, voucher specimens, photographs) on any one of the following topics: diversity, distribution, taxonomic works such as revisions, species/generic description, nomenclatural acts and focused on Asia, or any study involving octocorals in the case of India, were included. Only peer-reviewed journal articles were considered, to maintain both consistency and quality of data. We recorded the year and country of publishing, author names (national and international separately), nationality of non-Indian authors and the type and name of the journal. In addition, we also assessed the octocoral 'diversity and taxonomic' publications from over 22 Asian maritime countries/islands excluding India for the past 40 years (1978-2018) to compare geographical trends.
For this paper, a 'taxonomic expert' is defined using a slight modification of the broader definition of Convention on Biological Diversity (CBD), as 'a person with good expertise and extensive knowledge on octocorals who is/was active for 10 years or more and/ or has published more than one taxonomic paper during the last four decades' (Haas & Haüser 2005) . A 'peerreviewed publication' is defined as one published in a journal indexed in either the Web of Science™, SCOPUS, or Google Scholar™ but excluding 'predatory openaccess journals' (Bohannon 2013) .
RESULTS AND DISCUSSION
a. Forty years of octocoral studies (taxonomy and diversity) in Asia
The resulting list (n=205) indicates that nearly 40% (n=78) of the published literature on octocoral diversity in Asia originates from the Far East (Japan, Taiwan, Hong Kong, Russia, Korea, and China) ( Figure 1) , with Japan contributing the greatest share (n=29) of publications, and the highest number of newly described species (n=29; from 10 description papers). Nearly 85% of the new species descriptions were carried out by foreign researchers (non-Asians/researchers not from their home country; n=33) followed by the combination of national and foreign researchers (n=18). The top 10 scientists/taxonomic experts (Asian or otherwise) together account for over 80% of the total number of species descriptions from the Asian waters ( Figure 2 ). Thus, apart from Japan, Israel and Iran, the contribution of Asian researchers to octocoral taxonomy during a 40year period (1978-2018) is proportionally low, indicating a shortfall of local taxonomic expertise in the region. Most species descriptions were made from countries along the Red Sea and in West Asia (n=77), followed by the Far East including the seas of Japan, Taiwan and Hong Kong (n=46). The least number of species were described from southeastern Asia (n=30) despite this being a region of high endemism and biodiversity, and from south Asia (n=11, including India n=8).
From 1978 to 2018, India recorded over 65 publications on octocoral diversity and distribution (including occurrence and distribution reports, taxonomy, and new records); of which only 28 appeared in peer-reviewed journals. The rest include books/book chapters/reports (n=23), posters/pre-prints/conference papers (n=4) and predatory or dubious publications (n=10). Though the higher number of papers is a result of many studies from Japan or other Asian countries with high numbers of octocoral studies (Taiwan, Singapore, and Indonesia), issues such as poor-quality publications and ambiguous diversity assessments have impeded the progress of octocoral studies in India (also see sections below). Also, despite the large number of publications, only five dealt with new species descriptions. Foreign authors were involved in all the (currently valid) species descriptions (n=8) from three publications, while those species described by Indian authors (n=57) from two publications show no records in either Zoobank or in WoRMS. Costello et al. (2013a) noted an overall increase in the number of taxonomists (for all taxa) in Asia, but the data on octocorals do not reflect this. Nevertheless, discovering and naming new octocoral species alone will not solve the issue of biodiversity assessment and estimation for this group, since the majority of octocoral genera need extensive taxonomic studies (i.e., redescriptions and revisions) (Daly et al. 2007) . A positive trend of increasing numbers of young researchers working on taxonomy and systematics of octocorals points to an encouraging future for this field of research (Williams 2018).
b. History and trends in Indian octocoral research
Octocoral research in India dates to the late 19 th Century, followed by 100 years of mostly exploratory research that resulted in publications on taxonomy, diversity and distributions. A critical review of 193 published and unpublished (e.g., theses, reports, newsletters, and posters) works on octocorals based on primary data/observations revealed that more than two-thirds have focused on 'taxonomy and diversity' and 'bioactivity' (Figure 3 ). Despite several publications on diversity and distribution of octocorals, taxonomic ambiguities and in several cases erroneous and unvalidated records of species have hampered the progress of octocoral research in India. Publications under the 'taxonomy and diversity' section are largely dominated by simple diversity and distribution (i.e., occurrence) studies, which in many cases are trivial and insignificant. Interestingly, the number of published 'taxonomic papers' (related to a taxonomic or nomenclatural act) is significantly less compared to those in 'taxonomy and diversity,' and the majority of such research from Indian waters was carried out by western researchers in the early 20 th Century, as part of colonial natural history expeditions and investigations. Of this modest proportion of 'taxonomic papers', all but two involve foreign researchers, or a combination of both foreign and Indian researchers.
c. Publication trends in octocoral research in India -
Quality vs Mediocrity
Good quality, peer-reviewed and publicly accessible biodiversity data can influence the reliability of communicating management and conservation policies and improve societal benefits (Costello et al. 2013b ). Octocoral research in India has been scattered in several publication domains. While the majority of octocoral related publications are peer-reviewed (including those in journals), an equal number of mediocre publications in the form of grey literature and papers in predatory journals (as defined by Jeffrey Beall; see https://beallslist. weebly.com/) are a major concern for the advancement of octocoral research in India. The highest number of such publications have appeared recently (2000 to 2018), coinciding with the generally increased use of predatory journals by Indian scientists (see Raghavan et al. 2015) .
Since the year 2000, over 12 publications including those on diversity (checklist, distribution records), bioactivity and ecology have appeared in various predatory journals. Taxonomic research published after 1991 (except Williams & Vennam (2001) ) has appeared mostly in predatory outlets or is in the form of mediocre publications circulated in single institutions/libraries, usually inaccessible to general public or academics, and in most cases containing invalid records. For instance, a monograph on gorgonians (Fernando 2011) has very limited circulation and most voucher specimens, including type material, is inaccessible to researchers (Ramvilas Ghosh pers. obs. 20.vii.2018), which contravenes the Recommendation 72F of the International Code of Zoological Nomenclature (ICZN). Similarly, a checklist on gorgonians by Kumar and Raghunathan in 2015, probably the only recent compilation of gorgonian fauna from India, has appeared in a predatory journal questioning the authenticity and quality of the data.
Scientific misconduct, in particular, plagiarism, has become a major menace in the Indian scientific and academic circles (see Raghavan 
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with every single drawing hand-copied, with slight alterations, from the originals of d. Publication trends in octocoral research in India -
Regional biases
Octocoral publications in India to date have been subject to regional inclinations, a trend that is similar to the whole of Asia. Much of the research focus has been on the southeastern coast (n=66), particularly in the Gulf of Mannar, and very little work has been carried out along the eastern coast of India (n=11). Between the island territories, higher numbers of publications have originated from the Andaman & Nicobar Islands (n=50), compared to Lakshadweep (n=16). The coastal and deeper waters off the southwestern, northwestern & eastern coasts, and the Lakshadweep Islands require extensive exploration and systematic taxonomic inventories to improve and contribute to the nation-wide understanding of octocoral diversity and distribution.
The absence of scientific institutions in some parts of the country (e.g., Lakshadweep) and the concentration of many institutions (both private and government) and museums in areas like the Gulf of Mannar could be the reason for the regional disparity in the studies of octocorals. But when considering cnidarian fauna in general, these regional disparities become very distinct for octocorals. For instance, comprehensive accounts on the cnidarian diversity are available for Scleractinia (Pillai 1991) , Siphonophora (Daniel 1985) , and Scyphomedusae (Chakrapany 1984). Also, inclusive data are available for hard corals (Scleractinia) from all major reef areas including mainland and the island territories (Venkataraman & Wafar 2005) , so there must be another reason that octocorals have received less attention. Incidentally, scleractinian corals and coral dominated reefs receive much funding, and are considered of global significance due to their biodiversity and apparent vulnerability when compared to other marine ecosystems (Brooks et al. 2006 ).
We do not contend the fact that octocorals have never received scientific attention or research priority in India. In India, octocorals were heavily sought after for their bioactivity during the 1980s, however, most of the research was undertaken only to the level of extraction and chemical analysis, with no resulting industrial applications ), which may have contributed (among other factors) to the current lack of interest in this fauna. Even though regional accounts on the diversity of octocorals are available, most of them tend to be unreliable in terms of data-quality. "For instance, a paper on the octocorals from the Andaman & Nicobar Islands ) bases virtually all of the identifications on Grasshoff's (1999) monograph on the gorgonians of New Caledonia, which is a very popular book among Indian octocoral workers, as it has colored underwater images. But in the paper , it is obvious that numerous colony pictures they present do not look like the actual species figured by Grasshoff (1999) , and moreover as sclerites are an essential taxonomic character, the lack of illustrations renders it impossible for the readers to judge, and the authors to prove that the species are as claimed. Interestingly, since the publication of Grasshoff's (1999) monograph, many species previously considered to be endemic to New Caledonia have been recorded from the Andaman & Nicobar Islands -mostly dubious claims" (Phil Alderslade pers. comm. 09.i.2019).
e. The paradigm of species diversity, museums and specimens
In the context of taxonomic uncertainty, there is a high likelihood of underestimations or overestimations of Indian octocoral diversity especially in the case of gorgonians. Most gorgonian genera, and in particular Junceella and Acanthomuricea (reported from the 'Investigator' expedition) need considerable revision using an integrative approach and using modern molecular tools. With a limited amount of taxonomic expertise and capacity in India, the identity of many gorgonian species has been restricted to the generic level (Mary & Sluka 2014 Thomas (1996) have used names for ellisellid genera (e.g., Gorgonella, Scirpearia) that have not been used by taxonomists for many decades. It is notable that regional checklists of octocorals from India mostly published in poor-quality publications mostly without any rigorous peer-review, or in predatory journals. Many specimens described from the Investigator expedition and currently housed in the invertebrate collections of the Zoological Survey of India (ZSI), Kolkata, "need re-examination and extensive reevaluation (Phil Alderslade pers. comm. 09.i.2019). But there are enormous difficulties in accessing these specimens (see, for example, Samimi-Namin & van Ofwegen 2016), which reflects an appalling attitude of the regulating authorities. Issues regarding the difficulty, or even impossibility, of accessing these specimens has resonated around the global taxonomic community for numerous decades. "Indian biodiversity policies restrict the free exchange of specimens to overseas scientists and their institutions regardless of their reputation, and Indian scientists are also finding it increasingly difficult to access the museums of the Zoological Survey of India. Unless authorities change this dismaying situation and encourage international collaboration and allow Indian taxonomists the same kind of museum access that their overseas counterparts experience, genuine taxonomic research on Indian octocorals, and many other marine taxonomic groups, will continue to stagnate biodiversity documentation in India. This will also result in substandard and poorly compiled research reports as is occurring in the parallel case with scleractinian corals" (Phil Alderslade pers. comm. 09.i.2019).
Type material of many species collected from Indian waters by Indian and non-Indian expeditions (see examples in Verseveldt 1980; van Ofwegen 1990) are housed in foreign museums and accessing these types via loans is a 'kafkaesque' situation due to the National Biodiversity Authority (NBA) restrictions under the pretext of Biological Diversity Act (2002) and Biological Diversity Rules (2004) (see NBA, 2004) . Thus, the lack of adequate taxonomic expertise, inaccessible types and voucher specimens at Indian museums and institutions, and expenses associated with visiting foreign museums where many types are housed, further delays the opportunity to rectify the many erroneous records in the Indian octocoral literature.
f. Opportunities and challenges
To a considerable extent, the issues pertaining to octocoral research discussed here can be solved through international and inter-institutional collaborations, a key strategy followed by countries like the United States of America which is a leader in global biodiversity documentation and research (Liu et al. 2011) . As an example, in the case of octocoral-related taxonomic publications from Japan, Taiwan, Indonesia, and Israel (the largest contributors to such studies on Asian octocorals), international collaboration has not only enabled research results to be published in reputed journals, but also helped develop in-country capacity and taxonomic expertise supporting local researchers to document their octocoral diversity and independently publish their research results.
Another critical impediment in many biodiversity-rich countries including 
OPPORTUNITIES AND RECOMMENDATIONS
Given the above-mentioned issues and complexities in advancing the field of octocoral research in India, we suggest the following recommendations.
Convention on Biological Diversity (CBD), National legislations, and Research
Convention on Biological Diversity's Access and Benefit Sharing rules and the Nagoya Protocol (NP) obliges all committed parties including India, to develop necessary policies to foster equitable sharing of genetic resource and benefits arising from them (Buck & Hamilton 2011) . But, despite several advancement in policies and management strategies, it is highly unlikely 14698 that the 'Aichi Biodiversity Targets' approved under the patronage of CBD can achieve much of an improvement in the state of biodiversity knowledge by 2020, particularly in the marine realm (Tittensor et al. 2014 ; Global Biodiversity Outlook 4 2014). The research community, undeniably the stakeholder most affected by the Nagoya Protocol, and CBD's Access and Benefit Sharing rules, are concerned by this state of affairs because Article 8(a) of Nagoya Protocol was formulated to 'promote and encourage research which contributes to the conservation and sustainable use of biological diversity, particularly in developing countries' (Buck & Hamilton 2011; CBD 2011) . Therefore, to foster octocoral research in India, the restriction to the exchange of specimens for non-commercial, taxonomic and biodiversity research, arising due to national regimes under the misguided interpretation of CBD, should be objectively and urgently addressed. Perhaps placing a separate clause in the CBD accord to give special status to fundamental and non-commercial science, like taxonomy, for mutual exchange of data/specimens between institutions would allay the concerns of other stakeholders and reduce the complexity in undertaking biodiversity research (Prathapan et al. 2018) . Similarly, national legislation like the Indian Wildlife Protection Act, 1972, and added amendments, which are meant to protect wild animals, should be made far less restrictive for octocorals as there is no viable commercial exploitation and the current situation hinders what little research is associated with them (e.g., all gorgonians). At present, the restriction limits sample collection and prohibits the exchange of specimens with foreign institutions and museums for the sake of taxonomic identification and archiving (WPA, 1972) . We suggest, therefore, that the scheduled status of some octocorals especially in the case of gorgonians should be reconsidered, and improved conservation strategies like marine protected areas and 'no-take' zones be developed to protect this fauna, once research has been undertaken to determine where such areas would be best located.
Taxonomy and Quality Publication
As discussed in the relevant sections of this paper, octocoral research in India is beset by many mediocre publications which include works published in predatory journals. For instance, a recent checklist of octocorals in India (Kumar and others in 2018) was published in an outlet widely regarded as predatory, which perpetuates the trend of such unethical publishing practice among Indian researchers (see Raghavan et al. 2015; Patwardhan et al. 2018 ). These publishing companies masquerading under the pretext of an open access model continue to threaten science and science communication by narrowing the line between science and pseudoscience (Beall 2016) . Since taxonomy and diversity research impacts national policies and influences other allied basic and applied research (Raghavan et al. 2014 ), flawed and mediocre publications pose serious impediment to India's international commitments like CBD's Aichi Targets. Because many mediocre publications in octocorals are from leading national research institutes like the Zoological Survey of India (ZSI), they reflect a bad image internationally which might result in blacklisting Indian taxonomists in general instead of just those deserving such a reputation. Scrapping Academic Performance Index (API) (Raghavan et al. 2015 ) and replacing traditional 'bibliometrics' with 'almetrics' to assess researcher's impact (Brown 2014 ) would render more popularity to science and reduce the unhealthy competition among researchers to publish more, causing some to resort to predatory or other sub-standard levels of publishing which lack peer review. Also, researchers and journals must avoid citing such dubious publications and thereby disavow unethical practice and unreliable research data. We also insist future octocoral taxonomist follow the modern trends in describing octocorals ( Figure  4 ) and adhere to the rules of International Commission on Zoological Nomenclature (ICZN) (see Benayahu et al. 2017; Breedy & Guzman 2018) .
Museums
Museums play a pivotal role in fundamental science like taxonomy and systematics through archiving and documenting specimens and manifesting a vast and irreplaceable resource for such studies (Brooke 2000) . Many octocorals recorded as occurring in India have their type material housed in foreign museums. Physically accessing museum materials spread across the globe is not feasible in terms of money and time for a country like India. A realistic solution to overcome this issue is encouraging foreign collaboration, whereby researchers can gain experience and knowledge from international octocoral experts, benefitting both the researchers and octocoral science in India. At the same time, museums in India which house octocoral types (e.g., Zoological Survey of India) should change from being obstructive to acting as good advocates encouraging genuine requests to access specimens for verification and study. We also encourage these museums to digitally document and catalogue their octocoral specimens, both voucher specimens and types, and allow the information to be open to fair use for research nationally and internationally. Bridging the biodiversity shortfalls Based on available data it is evident that there exist huge gaps in data on octocorals, particularly related to the Linnaean (species diversity), Wallacean (geographic distribution) and Darwinian (evolution) shortfalls (see Hortal et al. 2015 for general discussion on biodiversity shortfalls). A consensus on the exact diversity and distribution range of many octocorals has not yet been reached as numerous records and data either remain incomplete or unreliable, particularly for the central Indian Ocean. Published literature also indicates that studies on evolution, phylogeny, biogeography, 14700 population genetics and abiotic tolerances of octocorals have not been undertaken as yet in countries such as India. For instance, the impasse in the case of the 'invasive snowflake coral' (Carijoa riisei Duchassaing & Michelotti, 1860) as a true invasive soft coral or a reestablished native species could be put to rest through genetic profiling . Such a study is currently being carried out by the authors of the present communication. Considering the expanse of the Indian subcontinent including the chains of islands and coral reefs, integrative taxonomic studies using morphology and molecular data (see Benayahu et al. 2018 ), research on evolution and phylogeny (see McFadden et al. 2017) , including population genetics to study gene flow and connectivity (see Yesson et al. 2018) hold enormous potential. Not only are such studies inconspicuous in India, they are virtually non-existent because much of the basic biodiversity data (species diversity, abundance, and distribution) is unfortunately wanting, and will continue to be so unless there are significant changes to the culture and policies that are holding us back. 
